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ABSTRACT 

tm Invention of piotpteiiv* Inurest to ZENECA but lightt In II would 
h«v* to b« aoquirtd from mt invtrtort. The prolMilon •vallablo to Dmllod 
by ttio Invantort prtor publleadont 
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ANTICANCER THERAPY AND COMPOSfTIONS 

DESCRIPTION 
Technical fiold 

The pieieni Invention relates to the use of a protein complex ae an 
5 anticancer agent. 

The object of the present invention is to obteln an anticancer 
composition for prophylactic or therapeutic treatment of cancers. 

In a paper, Apoptoeis inducsd by e human milk protein Hakansson el 
ml Proc NMf Aaia Scl USA fi2 pp 8064-8066 ft is discfoted that a 
10 component of human mi^k in a particular phyeioal state, multlmeric a- 

lactalbumin (MAL) Wlied a number of transformed embryonic and tymphloid 
cella iMhilst sparing mature epithelial elements ft concludes that further 
analysis of the mechanitm by v^hich MAl induces apoplosis In transformed 
epithelial cells could lead to the design of snti tumour agente. 
15 We have now found that MAL is itself effective as an ant; cancer 

agent when Introduced dlractiy into a mammelian body and thai any adverae 
effects on lymphoid cells srs aceeptabiy low !n in viVo teste. Surprisingly 
therefore MAL itself can be injected into the mammalian body or supplied In 
the form of a controlled ralease eource which comprisee MAI which can be 
. 20 Implanted into the mammalian body as an anit cancer therapy. 

In order to introduce this mullimer into a mammalian body in this 
manner it ia necessary that tt be eterile. 

The Invention comprises a eterlfe Injectable composition for use In 
the treatmsnt of cancer in msmmals which comprlsas multimaric a - 
25 lactalbumin in a phamnaceuticaliy acceptable diluent The preferable diluent 
Is water. By 'Inisctable' we mean Injsctable into any part of a mammalian, 
euitably human body. Injection into a vain, the perttonaum, muscle, under 
the akin or ^Isswhere may be appropriale according to the circumstances. 
The pH of such a composition is suitably 6 to B. Preferably it 
30 comp'isea 0.1 to 200 g/lltre by weight of multimers of alpha-lactalbumln. It 
may also oompriss monomeric alpha-Is ctslbumln. 

The invention also oomprisaa a msthod of processing mammalian 
body fluids outslda the mammalian body which comprises adding a sufficient 
quantity of a mulUmer of a-lactalbumin to kill substantially all of any cancer 
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cvlto contained in the body fluid. Our data indicatea thai such flulda can ba 
Introduced into donort body or introduced into the body of arwther 
appropriate recipient. 

The Invention alio comprleee a oompoaition which comprlaes a 
human body fluid outtide the human body and a aufRclent quantity of a 
miMmer of a-ladalbumln to kill subttantlaKy all of any cancer ceile 
oomalned in the body fluid. 

In one form of the Imrentlon a multfmer of alpha-iactalbumin la 
added to human blood for tranafualon in a aufReienI amount to kill any 
cancer cells. By this mesne the likelihood of Inadvaitent trenamiaeion of 
leukaemia from a donor to a recipient ie reduced. A oonoentrarion of 0.01 to 
2 j/litre end pr»f«rably 0.01 to 0.2 g per litre is added. 

The Injectable composition as aforesaid may be praservad In sterile 
conrt 'ior iy storage In aealed containers, for exampis preloaded syrir^ges or 
Intnivanoua Infusion bags. These may each contain a single dosage amount 
of the multlmsr (MAL). For en adult patltr.t this Is suitably 0.16 to 15 g of 
the murthner. preferably administered at inten^als of four to Mventy tour 
hours. 

The multimer may be Introducsd Into the mammalian body as a 
ateille compoeltion which comprises a solid containing multimeric o- 
lactalbumln for ineertion into a mammalian body which solid acta as a 
controllod releaae aource of mulb'merJo a-laclalbumln. 

Stems producta may be produced by slerilising. alpha-laclalbumin, 
althar as such or when preaent In milk and converting it to the multimer. 
oanying out all eteps subsequent to the Initial sterilisation under eteriit 
oon<SUone or if desired the final product may be eterilieed. As the multimen 
•rt asnaith^e to heat H la preferred thai starHization proeedurea carried out 
on material containing the multlmera should not involve heating; it Is 
preferred that eleriiisation should be by radiation in this oaee. 

A further object is to obtain a compoeltion which la active on cancers 
on k)w differentiated cells such as epithelial cells as bng celts, bronchial 
ceOs. Hdney. bladder, mammery and smali-intsstlnal eella and non-epitheiial 
oeile such as fibroblast cells (cennecth/e tissue). 
Beokground of the Invention 
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Eukaryotio M!ts are geniticatly progrtmmad to die; a procast 
raferred to at programmed c«il death (PCD). Tha ttrm waa coined in 1065 
by Lockshin and WiKlemi to datcribt the davalopmentally regulated death 
of fpecific larvaJ mutclea (1). The PCD concept It ueed in daveiopm«nial 
5 biology to detcrtbe the lots of tpeclflc celli In rttponte to a phyeiologicaJ 
ttlmulut; a normal event In ihe development of an organltm. It le aleo uaed 
to denote cell death that requlret de no>^ gene exprettlon. Cetia 
undergoing PCD change their morphotogy; the nuclear chromatin it 
condented along tha Inner turface of the nuclear membrane, the organellee 

10 art packed and ehed from the cell In membrane-aurrounded vtticlee 
(apoptotic bodlet) marked with recognition mofecuiet for the titaue 
macrophagat. Thie morphologic appearance was firtt detcribed in 1972 by 
Kerr, Wyllle and Currla. who named the phenomenon apoptoait after the 
Greek 'falling of leavat' (2). Coincident with tht morphologk:al changet 

16 protelna and chronwitln are digested by endogenous proteasee and 

nuclaatea that cleave vartout target proteins and DNA. Chromatin cleavage 
with Ihe formation of high* and low-moiecular weight DNA fraomenls ia the 
main bkMhemlcal hallmark of apoptoait 4). The terms PCD and 
apoptoait are often Intermixed although PCD tignif^ea call death retulting 

20 from activation of gene expreaalon and apoptoait the changet in 
morphology that result from this process. 

Apoptoait It induced by addition or withdrawal of physiologic or 
noxious atimull. Deprlvatton of hormonet leadt lu apoptoale In hormone* 
dependent titeuee (5). Growth faetort influence fiatue growth and 

25 differentiation; in the abttnce of thtte etimuli cellt undergo apoptoale. 

Apoptotia le also activated when ceile are ttimulatad by noxious aganta like 
irradiation, microbial toxint, or medlatora like TNF produced in reaponee to 
tittue injury or disease (6-8). 

Unlike nonnal cells, tumour oelle may fail to activate the apoptotic 

30 pathway. Indeed, a charactertetlc of most tumour cells Is the reelstanca to 
agenu that Induce PCD In normal cells. This la ontn related to a variety of 
mutations in the genes regulating the PCD process, The Inability to 
Inactivate the bcl-2 gene upon a relevant atlmulus produces celts rsluctanl 
to die. Wyllie et al has demonstrated that cells without the p63 gene era 



25 OCT '96 16-3S ZEfCCH BIO :.P.:e=>T. ^2 5c2:64 

2188903 



10 



19 



20 



29 



II.., ,6c..«» 1..3) s""- o""'" " '^r"" ^ 
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:i« o.... z 

' «, V.H.U. «.P. ». «>. P"-""^""- - - ■ " * 

MATUiuas urn mrHOo* 

„d u*.., «rt w.™ Tb. «.pi-..on- »«• «« »«■ -«■•' 

,.Tcc h™ ^ ^,r;cr.Z. 

from a lrtn.mon.l'C«n crclnoma and 5937 (ATCC htb . 

bladder carcnoma. The imotlna. e.11 Una. w.ra CaCO-a (ATCC HTB 97) 

and HT.20 (ATCC HTB 38>. tolh laolatad hom a CP.o«lc .ptthaHaH.»c. 

.denocarcinoma. A doQ Kidney cell «n. derived from a nonnal cocKer 
.pa..e. «dn.y MDCK (ATCC CCt 34) and .wo ^-^-^^^'^^l 
derived trom nonna. AWoan green mcnKey Wdnay V.«, (ATCC CCL 81) 
and OMK were ueed .or experiment. InvcMng TNF. The T1210 mou.e 
«euK.emUceW line waeueed for animal experiment.. 

The ceB «ne. w.re cultured m 25 cm* cell culture flask. (Nunc. 
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Be.knd«. DoniiMfk) In RPM1 1640 (Olbc(»/BBL. We T.ehnolofly Ltd. Parley 
Soottand. U.IC) •upplementwi with 10% fttH calf tanim (FC3). 2 mWI 
glutamine and 60 pg of goni^nicln p.r ml. Tha eaUi war. datachad bf 
tiypaJn tiaalrpanl (0.25%; Sigma Chamlcal. Co.. St. Loul.. Mo.) for about 10 
mm at room tamparatura. Tiypalnttad dta Nvara uaad to aaad oe-wan 
miorouttr plataa and wara alM malntalnad In auspanalon In malntananca 
madium (RPM1 1 WO aupplamafltad wHh 2% FC8. 2 mM oMi«nln« and 50 
of ganlamlcin par ml) and uiad tor axparlmanta ae datoiibad baiow. 

Non-ftMfBimad eaOa 

Rat thymocylaa wara haivatted aa daaorlbad (Zhiyotovtky 20). 
Human tmbryooal long oalla (HaO and human lora.Wn flbrobtail. 
(HFF) waia sbUlnad from «»• Sactkm of Virology. Oapt. of Microbiol.. Lund 
Unlveiaily. Swadan. Tha.e call typaa wara culturad aa d..onb«l abova tor 
tha eaU Nnaa. 

Human naaopharyngeal aplihalial calle wtre h«.ivaa1ad Irom the 
upper raaplratory tract ot haatlhy donora by acripJng th. pharyngeal wall 
behind lha aofl palate with a cotton-llpped wooden swab. The cella ware 
detached by Qamle etirrino in medium, waehed Iwic. by reauepanelon In 
medium and centilfugaiion at 500 1 g. 

Human uftnary act epithelial can* war. ooWtdod from frathly. 
voldad morning urtne from a heelthy donor. The cell, were e.dlmented by 
centrHugation at 500 x g for 10 mln. waehed twice by r..uip.n.lon In 
medium and centrifugation at 500 x g. 

Celle from moaee Kidney and bladder were obtained from 
25 homogenized tleeu... Th. mice were eecrllloed by cervical dhlocation. the 
llaauee were removad aeeptlcally. placed In 6 ml of PBS In piaetio bag. and 
homogenliwt In a Stomacher Blender 80 (Seward Medical. London. UK). 
Th. can auepenelone were centrttuged at 500 x g for 10 mln. Deetllled water 
(5ml) waa added lo each tube for 30 eec. to lyee erythrocyiee. after which 
time 6 ml of 0.30M NeCl wee added to reetor. the oemolailty. The oaUa 
were harveeted by eentrtfugation at 500 x g for 10 mln and reeuepended In 
medium. 

Human peripheral Wood lymphocylea end granulocyt.e. w.re 
laolatad from one healthy donor by centrifugation of whole blood In a 
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Po»ymoiphpr«p"* solution (Nycomtd Phdrma A8, Oslo. Norway) al 500 x 0 
for 30mln. The mononuoKar and poiynucitaf call fradtena weia dllutad In 
ona volu'na of 0.075M NaCI to reHora o«moial«y. waahad twioa by 
centrifuflalton and ratcapandad in madlum. 
Human mBi and human mSi oomponanta 

Tha purification of activa malarial waa paiformad from aerllist d mBK 
or alpha-lactalbumln. and all the ourltioatlon alapa wara partormad undar 
atarlla oonditlona. 
Caaain pradpBation. 

About 2L of haat-paataurlsad milk waw thawad at a tima ar.d 
cantiifugad to ramova fat. Caaain waa prepared by adding about 27ml of 
10% poiaaalum oxalate to each Dter ol fat tree mUk. After overnigtil 
bioubation at 4*0. the precipitate wee Oiicarded. To the eupematant. ImM 
HCI waa elowV «dded to a final pH of 4.8. The wlutlon was then heated to 
30»C for 1h and eubMQuently left ovemlghl at 4«C. The casein precipitate 
waa taparated by centrifugation and washed by 3-5 oyclee of reeuspenelon 
in distilled water and canlrHuBatlon. Finally the praclpWatt was Vophiilxad 
and resuapended to the concentration required for each experiment. 

The pH ol the whey fractlona was readjusted with phosphate 
buffered ealina (P39) before testing for the ceil Killing activity. 
Caaain ftaetionatioo. 

Proteins were iraotionstad on an ion-exchange column ( em X 1 .5 
cm) packed wHh DEAE-Trisaeryl M (Phafm»oia.U<B, Uppsala. Swedsn) 
attabhed to a fast protein liquid chromatography (FPLC) Inslrumsnt 
(Phanpaoia). A NaCI gradient was used during the frestionatlon. The run 
was uhder the following condHione: buffer A: 0.O1M Trie-HCi pH B.5: butler 
6: buffer A containing 1M NeCIA^ Gradient program: sUrt 1 6% B; from 0-«0 
ml: 30% B: from 60-80 ml- 30% 8 for 10 min; at BO mi: 100% B; from 80-90 
ml: 100% B lor 10 min; from 90-120 ml: 100% A. Flow rate; 1ml/m«n, 
recorder: O.lom/min. The buffers were degassed and filtered through 
0.22mm filters before use. The peeks were monitored ai 280nm. and tha 
fraction alte was 3ml. Fracttona were pooled, deeelted by dialysis 
(membrane cut off 3.5KD> against distilled water tor at taaei 48h. lyophlilMd 
and testsd for cell killing actwity ae lollowe. 
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Th» rtiulti •hwn in Table 1. FimcUor. VI >«»•• t»«ttd In th» /n 
vfvo ttudi*! rvtorred to tat^r. 

lon^wlw«e chromitegnphy o» oommtrehl a^plM-lidalbumln 

20 ma ol oomm»rc»«l (Sigma) human or bovint alph«-lact«lbumln 
e wara «atolvod m 2 ml O.OI M Trit-HCl. pH 8.5. Tha lon-axchang* 
Chromatography of alpha-laclalbumin t*»at oamad out undar aimilar 
oonditioftt aa datcribed above for the fractionation of caiein. Tha NaCI 
gradient waa linear (not intafruptad). flow rata waa i ml/mln. 3 ml fractiona 
wara oollactad and pooled as above. The poole were dialyeed (membrane 
1 0 cut-off 3.5 kO). lyophiHzed. rewepended to the required concentration and 
teeied for induotlon of cell death. 
Analytia of the mik fraotton 

pofyaeiyl»mHJ9 grtdbnt ge/ »i%cHtt»phor9»i$ (PAQOE). Analytical PAQOE 
waa performed uaing 4-20% polyaorylamlda precaat gala (Bio-Bad. 
t6 Richmond. CA) on a Blo-Bad-a Mini Protean II cell. To 10ml (S-lOmB/ml) 
each of the lyophJIIzed fractiona, an equal volume of aample buffer (13.1 S 
TrIa-HCI. pH W. 10.5% glycerol. 1.2% 8DS and 0.05% Bromophanol 
Blue) waa added. 20inl of each aample waa then loaded on to the gal. 
which waa run In Tria-glyclna buffer (pH 8.3) with 0.1% 80S at 200V 
20 conaiani voRaga for about 40mln. Stalnin© of tha protalna waa by Immaraing 
tha gel In Coomaaela Blue aolutten (0.1% In 40% methanol. 10% acetic 
add) for about 0.5h. Dattalnlnfi waa by aavaral ohangea in 40% methanol. 
10% acetic acid wrtll a clear background waa obtained. 
E/acfro6te«iny cl piofe/na. After SDS-PAOQE; protein banda were 
26 uanafarred by Weatem blottlr.g onto polyvinylldene dlfluortde (PVOF) 

mambranaa (Pro Btott Membranet. Applied Bloayeteme, CA). at described 
(13). The protelt^a ware vfaualized by Coomaeale Blue atalntng and the 
atalned banda were cut out for protein eequencing. 
Atrano add aaquenoe d^tamfnatlon. The PVDF-lrr.mobni2ed protein banda 
30 wara aubjeded to Edman degradation In an automated pulae-Hquld 
aequenoer (Applied Bloeystema model 477 A). 

El0Gtro$prBy ionlxatlon meat apectromefry (EShMS) Pgrffled protelne ware 
analyzed on a VO Blo-0 ESLMS (Flaona/VO, Manohaatar, UK) equipped 
with an atmoapheric preeeure eJectrotpray ion aource and a quadrupole 
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masi analyier wHh • miximum miit range of 4000 Tha maaa 
apacUometer wat scannad from wJi 600 to m/z 2000 in lOsacs. The maas 
raaolution waa tat to 500. Tha data $y«tam wa» operaiad ta a muttichariral 
Bf»alyi«r and 5 acana w«ra avaragtd to obtain the final apectrum. Tha 
eiactrospray carriar aolvent was 1% aeatic acid In acitor)ltrlI«-walar. 1:1. 
and tha tlow rate wat 2-4pl/mln. The eampla was dlaaolvad at a 
cofMJtMfBlion of 10-20pmouy; in tha carriar solvent and 5pl waa injadad. 
Tha molacolar weight of aampJe componanta waa aalimated from the m/a 
values of aeriat of lone as described earlier (Mann at al., 1989). 
Mattlx assiated latar desorbtlon toniutfon man apactnmatry (MALOl) 

I ..e purified protein was araiyied by MALDI maea spectromalry on a 
LD1 1700 time of flight mass ape jtromater eqippad with a pulsed nitrogen 
laeer (337 nm) (Blomolecular SeparaUont lr»c.. Bar'>. Nevada). The laser 
power waa aet to e.eyiJ and the epaclrum was Ih -n of 140 later shole. 
SInnapinic add was used at a matrix and bovine karum albumin wat used 
at the external etandard. About lOOpg of the protein fraction to f analyiad 
waa dissolved In 50pl water and 0.1% trffluoroacatto acid (TFA). lOpl of thia 
soluUon wat mixed with lOpI BOmM einnaplnic ackJ. Tha probe wat loaded 
with O.Bpl ol the tample mixture, vaotium dried, loaded whh another O.Bpl of 
lample. and vacuum dried again before being Ineerted \r \» tii# matt 
apactrometer. 
Morpfwiogy 

UBfVI (TllCfOwCOpy 

On« drop of the obW suipent Ion was placed on a mlcroecopa tllda 
and allowed lo air dry. The cells wera fixed with melhano) (99.5%) and 
atained ualng lha May-Qr?nwald reasent. Tha morphology was examined in 
light microecopy at BOO x Tnagnlfication. 
Tmnamlaaion electron mlcroacopy 

Ceile exposed to medium or MAL wars double fixed In 
glutaraldehyde plus osmium tetroxide, embedded In agar 100 and post- 
stained with uranylaceiate and lead. The oella were eedloned and examined 
by transmission electron microecopy. 
VlabSRy lestfng 

The vlabHIty ol the cell Unoe was tasted by thymidine Incorporation. 
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Th» c»U lln«s were grown to confluency h Qfi-well pletei (Falcun, SectDn/< 
Dickinion, New Yereey. USA). At Hrr.e xero. lOOpi ol medium was aeplrated 
from each wall, replaced by tOOpI of the different experimental eolutions and 
Incubated at In an atmoephere of 5% CO, for 30min. TrWatad 
S thymidine (O.SpCi, Amereham Ufa Science. Amoriham, U.K) waa added to 
aach well and the calla were incubated for 4houre at 37*C In 5% CO,. The 
medium and experimental eolutlooi were diacarded and the oalle were 
waahad twice In PBS. The celte were detechad oy trypsin traatmant, 
harvested and the radioactivity was meaiured in a 1205 Batapiata^ Liquid 

1 0 aclnlillatlon counter (Waliao Oy, Finland). 

The viability of the cell linet waa also tested by tiypen blua 
axclueion. The ctHe were harvested from the cell culture flaaka by trypsin 
treatment as descrtbed above, washed twice by centrtfugatlon at 500 x g 
and reauspension In medium; and the cal! concentration was adjusted lo 6 jc 

15 10* oells/ml. The call euspenslon (SOpl) and each of the experimental 

eolutione (SOpI) were mixed and Incubated al 37*C in 5% CO, for 30min. 
One drop of a 0.2% trypan blue solution (Chroma-Qeseirachaft Sohmid & 
Co, Stuttgart. Qermany) was added to each tube and the number of stained 
cells per 100 ceils was dstenmlnsd by Interterence contrast microscopy 

20 (Ortolux 11 microecope whh intorferencd contrast equipment TE Leitz. 
Wetzlar, Qermany). 

The effect of human mllK and milk components on the ylabiiity of 
non-transformed ceils was analyzed by trypan blue exclusion. The cell 
concentration waa adjueted to 10* ca!la/m1 for nasopharyr^geai and 

25 uroaplthallal oelle and 5x10* ea!is/ml lor the remaininp cell lypee by 

microscopic oountlnQ in a BOrker chamber. The eel! suapenelons {50pl) waa 
mbced with each of the experimental solutlona (SOpi) and incubated at 37*C 
In 5% CO, fbr SOmin. 0ns drop of a 0.2% trypan blue solution waa addad to 
each tube and the number of stained calls per 100 cells waa determined by 

30 interferenca contrast microscopy. 

Meaeufemant of Intraoalidar Ca** ([Ca*l) eonoentration. 

A549 cells (4x10^ cells) or rat thymocytes (S x 1 0^ calls) ware 
Incubated In Krebe*Hensslsrt bulTer, pH 7.2, eupplemented with 10 mf^ 
Hspes. 15 mM giucoee» and i% BSA. Prior to treatment, cells were leaded 
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with S |iM fura«2AM tor 25 min it 37*0. wasbod froa of ftxtraMlluter fura* 
2AM ty cantrffbgation tor 30 • at 1,600 x and rttutpandad in Kraba 
madium batora maaeuramant of [Ca'^ (Zhivotovaky 1003. arynklawlot). 
Afltr a ttaady baaallna waa oMalrtad* indudng aganu wara addad to tha 

5 oalla. Control oalla had only oarrlar MlvanL 

imiutnea or pioliln aynmaaia WtfeMoo and Ca^ kt MAL-lnduoatf apcptoak 

To invattlgata the Influanca of proltin iyenthaaie Inhibition viability 
tasting and DNA fragmantation analyala waa parformed on oaHa pratraatad 
for 30 min at 37*C with cyclohadmld) (b ;J0/ml). 

10 To Invattlgata tht importanoa of Ca^ In tha apoptotio pathway of 

MAL-lnduoad apoplosit viability teatlng and DNA fragmentation analyala wea 
performed In tha abaenca of Ca'^ m lha medium. 
TNP«a^ bioaeaay 

WEHI cent were grown to oonfiuency In cell culture flaeka, detached 

IS by Varaena tnatmant (O.Zg EDTA /I In PBS), washed in medium and diluted 
in medium to a final concantratlcn of 44 x lO' calla/ml. The experimental 
aolutlona (SO pi) were added tripOcate to a microtiter pta:e and mixed with 
50pl of Mil auspanaion. A atandard curve waa prepared using recombinant 
TNF-a (SOpl/weB. 400 r^gAnl • 4pg/ml), AHer Incubatic' *or 20h at 37^C In 

20 6% CO,. 10 pi of MTT (5mg/ml; Sigma) was added to each wen. the colla 
were Incubated for 4h at 37'C. tha aupamatants were aspirated and 100 pi 
of propanol-HCI waa added to lysa the cells. The samples were read at 570 
nm in a Labayateme MuRlakan apactrophotometer (acurca). A high 
absofbanoa indtoatea a high number of living oeile. Neutralizing polyetonal 

25 anti-TNF antibody .( ) waa xindly provided by I. Olasbn. Dept. ol Madicina, 
Lund Unlvarlty, Lund, Sweden. 
DNA tai^fianlatloiv 

Ccna (2 X icF ealla) weni lyaed. centritbgad at 20.000 x g. and the 
eupematant was extracted with phenol^hlorofomi. Precipitated 

30 oHgonudaosoma length DNA fragmenta were loaded on 1.a% agaroaa gals, 
aiedrophoreeed with conetant current eat at 00 mA, visualiied with ethWium 
bromide ueing a 305 nm UV-Oght source and photographed using polaroid 
005 posiUvo*negallva (Hm (ZhivotovsKy iaa4a). 

High moiaeular weight DNA fragmante were dateolad by field* 
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invtnlon Q9l •lectrophowl^ (FlOE) a$ d^tcrib^ (ZhWoiovtky 1994«). 
AgaroM Qvl tltcirophoratli was run at 180 V In 1% gala In 0.5 % TBE (46 
mM Tria, 1.25 mM EDTA. 48 mM Doric add. pH 8.0). at 12*C. with Ih. 
ramping rata changing from O.B • lO 30 a for 24 h. Maing a fonirard to 
6 ravaraa ratto o* 3:1 . Qal staining and photography were aa dascrlbad abova. 
BJipailmantal animala. 

C67 BL/eJ X DBA 2J F1 fomala mloa, v.algMng 1B IC g, vwtra 
purchased from 01 Blomhcldtg4rd. Ry, Oanmark. Tha mka wara givan 
atarxlard laboratory taad and tap water atf KbHum. 
f 0 Nude BALB/c (nurtiw) mica were bred by mating heterozygoue 'ni/^) 

females with homorygoua (nu/nu) .nales. Vhe mouae colony wi ; Kept under 
eterile condltlona In atarUe «ia' top cages with coarse sawduat ceddlng. 
They obtairted steriltted aundard laboratory fesd and aoldlfir water (r M 
2.B-2.7) ad libitum, 
IB induction Ql LI 210 tumoia. 

LI 210 tumors wera Induced Intraperttoneally or aubcutanacusly. 
L1210 oelts were harveated from tha tissue culture daska by cantrifugatlon 
at 500 X g for 10 min. Pellaled cells were waahad once in 0.15 M NaCI and 
reeuspended m O.IB M NaCl. Tha cell concentrattion was adjusted by 
20 courting in a BOrtcer chamber. 

Male and lemale BALB/c {nu/nu) mlos and female C57BL/6J n DBA 
2J F1 mice were Inoculated /.p. with Li 210 cel!a susp^ndsd in 0.6 ml of 
0.1B M NaCI. The mice werr »nspscted every 12h for the devaiopment of 
aaches and the sun/ivat was followed. SurvMng mice were sacnrioad after 

25 28 days. 

The BALB/c (nu/nu) mice wars Injected f.c on each ftank with LI 210 

oeDs In 0.3 ml of 0.15 M NaCI per Injection site. The mice were Inspetied 

every 3 days and the day of reaching 25 % 25 mm tumora waa delern*lned. 

The mice were aacrlTiced when the tumor size reached 25 x 25 mm or alter 
30 a total of 28 days. The protocde wen approved by the animal ethfce 

comtttee. Lund, Sweden. 

Prvvendon of tumor developmani by tiaatment wlh MAL 
a) In vttro prvtoe .Imeni of LI 210 ceia wKh MAL 

LI 210 oelin were pralncubated with MAL auspended in eterlla FIPMI 
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mtdium for 3h In vitro. The o*iis were washed by centrifugation at 
500 X 0, reeutpended In 0.15 M NaCi at 1.67 x io* cells per ml and 
0.0 ml (1x10* cells) were Irtjected ip In 10 anin^als Control 
animals (n » 10) received L1210 ceils prelncubated without MAL. 
B MAL pretreated cells (5 x lO'jwere aleo injected t.c on each flank in 

a group ol 10 animals. Control animals (n • 10} received LI 210 cells 
pretreated with RPMI. 
b) tefiueniial bijedion ol L1210 MRa and MAL. 

L1210 cells (1 X 10') were euspended in 0.3 ml 0.15 M NaCi and 
10 Inlectvd into tha peritoneal cavity in two groupe of ten enimals each. 

MAL wae diesolved In NaCi and 0.3 ml of MAL eolution wee ln{eded 
al time 0 or 24 h efter |fi)ection of tu.nor oelis. Control enlmele 
reoeived NaCi alone. LI 210 oelle (8 x 10') were suspended in 0.3 ml 
0.1 S M NaCI and Irijeoled suboutaneoue on each flank In a group of 

19 10 animale. 0.3 ml of MAL aolutton wae Injected at lime 0 or 24 h 
alter ln|eetion of tumor celle. Control animals received NaCi alone. 
In each oaee in these In vfw etudlee the MAL wie traction IV of 
Table 1 calculated as ha eoilde content. 

StalMioe^ 

20 The Mann*Whltney U test ^se used for unpaired, nonparametrie 
column comparfeone. 

RE8ULT8 

Human mHc and human mBk f^aetiona Induce oel death in Ibur human oeU 
flnea. 

25 The ability of human mWk and human mik fractions to kill colls was first 

obssr/ed uelne the A540 ceil line. Celie sxposed to human milk were email 
and had a eondeneed nucleus es compared to the control celle. Human milk 
reduced tne growth of the AS49 cells by d9.e% es detemnlnsd by thymidine 
incorporation and the viabntty by 97.6% aa datemnlned by trypan blue 

30 exclusion (Tabie 1). Bovine milk hed eom growth inhibitory aflfeot (43 S) but 
did not affect cell viabiHty (Table 1). 

Humen mNk wee fractionated In order lo locallta tht cytotoxic 
oomponent(s). The cytotoxic activity predplUted with the casein; none 
remained in the whey traction (Table 1). At e concentration ol about 5 
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mo/ml, ca8«in rtduced the vitbilfty of the A540 md MDCK cells from 95% 
to 0% in 30 min. 

Catem was furtner fractlonatad by ion-exchange chromatogrephy 
100 mg of the lyophiiized citein wae dieeolved in 10 ml 0.01 M Tria-HCl. pM 
5 8.S, centrifuged and applied directty on the Ion-exchange column. Six 

rractione wrere obtained (l*VI} which were pooled, deeaited. lyophiiized and 
feconelituted 1o a concenlralion of abojt 5-10 n^g/ml. The cell Wiling activity 
wae oonoentriisd in poof Vi which eluted eftar 1 M NaCi. Thtt pool reduced 
the viability of A548 celle by approximately 1C0% in 30min. (Table 1) 

10 Charactertcatton of ttw aottve fraoCion {fraofen VI) 

Pool VI waa analyzed by PAGQE which revealed the presence of bands 
wHh a moleoular mass of 14 kDa, 28 kOa and 100 nOa. Proteins &ner 
PAQQE were transferad to a polyvInyKdene difluorida membrane by 
Western blotting, ar^d Idenlined by N-terminal amino acid eeouencing. The 

15 higher molecular mase banos of fraction VI and the 14 KDa band ahowed 
compiale N-terminei sequence homology with the known eequence of 
human a*lactallumin and with the sequence of a commarciaf sample of a- 
lactafbumln (data not ehowr) Examination of the fnaotion by E9l*maee 
spectrometry revealed that the setfmated molecular maea of th« major 

20 componem of the active protein fraction (14.0M kDa) ano of monomeric a- 
lacta^umSn (14.0B1 kDa) were both cloee to the molecular maae of ot- 
lactaib'jmin calculated from the amino add sequence (14.076 kOa). The 
small differencee rule out moet known poettransiationai modtfieatrons and 
sucgest that the major component of this fraction did not differ in ita 

25 covalent atnjdura from o-lactalbumln. MALDI r.ass apectometry showed a 
major peak cloae to 14 kDa consistent with monomeric o-lactalbumln, but 
also peeks at 28 IcDa and 42 kOa which la consistent with the di- and 
tfimertc 'orme. 

Monomeric, commercial human or bovine a-laclalbum'n had no affect 
30 on cell viablHty (Table i). The active fraction was also Incubated with 

pol/cJonat antl-a*lacialPumln antibooies, but no inh-bitory ^ffeci could be 
seen as compared lo ihe active fraction. However, whtn monomadc a- 
lactalbumin was converted to the muhimeric form by passage over the lo^- 
exchange column under conditions jsed to fractionate casein, the 
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muliimerized a-laclalbumin became cytotoxic in the cell assays (Table 2) 
Other human milk proteins (lactoferrin and lyaozyme) were found to ba 
Inaclive at a concentration of 10 mg/ml (Table 1). Thus, we conclude that a 
multlmeric complex of a*lactalbumin (MAL) In human milk induces cell 
6 death. 

Apoptoab In relation to cmH type 

Cell lines of human, monkey, murine and canine origin were 
Incubated wKh muKlmerIc a*lactalbumln (final concentration Smg/mt) 
monomerlo a-Iactalbumin (final concentration 5mg/ml) or with medium. The 
10 viability waa examined by thymidine Incorporation (Table 3). A deoreaee In 
DNA synthesis occurred In all the csll linss tested. The viability was also 
examined by trypan blue exctusion. A decrease in viability by at least 99% 
ae determined by thymWine inoorporallon and 85% as determined by trypan 
blue exdjsion occured in all cell lines tested. Thera was no effco! on call 
15 viability when exposing the cells to moncmaric a-lactalbumin (Table 3). 

Tne effect of muftimeric a*lactalbumln on cell viabiihy was 
subsequently analyzed using cells from different mammalian tissues. The 
oetis were incubated with multlmeric a«lactaibumin, monomerio a- 
lactalbumtn or medium and the viability was examined by trypan blue 
20 exclusion. Embryonic human cells (Hel, HFF) and human peripheral blood 
lymphocytes were aensitive to treatment with multimeric o-lactalbumin; theJr 
viability decreased to B%» 8% and 18%. rsapectively (Table 3). Peripheral 
blood granulocytee ehowed intarmediate seneitlvity Xq multimehc a- 
lactalbumfn and retrieved 62% viability (Table 3). In contrast, human 
25 epithelial calls from trie upper respiratory tract and the urinary tract, aa well 
aa mouse Mdnay and bladder celle were resistant tc the affect of multlmaric 
o-iactalbumin and reteined full viability after incubation with thia protein 
(Table 2). Monomeric a-lactalbumin had no effect on ceil viability for any of 
the ron-transformed calls tested. 
30 MAL inducaa apoploais 

Oligonuclaosome-len* ^ DNA fragments charactedstic of apoptosis 
were observed In thymocv* ..ested with 0.3. 0.5, and 0 7 mg/rrl of MAL 
for 4 h. and in MDCK cells treated with 1 mg.'ml of MAL for 24 h. 
Fragmentation incraased with the conceniratksn of MAL. in AS4g oetia MAL 
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producd HMW ONA fraom.n„ of tt,. Wnd thar i. .ean ear^ In ,h,.ooy.c 
apoptci. (17). DNA ladd.r. war. „of ebwn..d In AU9 cII. .van arter 
hiflhar oowanlrailon. of MAL (5 mj^ml) or p«„o„9aHon of ma .ncubaMon 
tima (46 h) (data not ahown). 
Maehardama of MAL biducad apoptoaia 

TMF antf complamanL Monomartc o-ladaibumir) i. «ructun,ii>. raiatad lo 
ly.o«yma and lactotarrfn, iwo protaina praaant h human milk. Human 
lywzyma. chlckan V-ozyma. or bovln. lactofartln wera laatad and found not 
to fiava any otTacl on call viability (Tabia 4). 

Milk has baan roportad to contain TNF as dafined by da.th of tha 
WEHI C..I line (rsQ. WEHI csll. war. axpoaad lo multlmartc «-Iac.albumin 
human ml.K. and bovln. mim. TNF waa usad a. a control (400 rfl/ml,. Tha 
•ffact of TNF on tha WEHI cell viability waa ravamad by antl-TNF 
amibodfaa. Multlmario o-lactalbumln and human milk kiiiad the WEHI calia- 
this .ffect was noi r.vas.d by anti-TNF antibodlai (TabIa 4). MOCK oalls " 
war. uiLd by multim.ric a-lactaibumin but not by TNF. 

Hum.„ ,„i,k has ba.n r.portad to contain eompiamant oomponanta. 
The affect of I^AL wa. nol decrsas.d by heaHns, to 66-C Ibr 30 min (TaW 
4). suggasUns Ihat the .reel wa. unrel.t.d lo compLment 
Prolaln .ynthaala mWbWon. m many exp.rimantal .y«.ms the induction of 
•poptoal. la aooompanLd by de novo mBNA .nd protein sytha... .nd I. 
WocKad by protain aynthasis inhib^or, (Wyliie. MoConksy,. Cyoloheximld. 
.fftctn,aly prevented MAL-lnduceO DNA Ldd.rlng In MOCK oall. (data not 
•hown, ^ cell death in A54g .nd MDCK cells. Thus, in ihe pres.nc. of 
cycloh.xlmld. 62% of A849 call. .„d 79% of MDCK CI. .xCuded lryp.„ 
Wu.. aa compared to 22% of A549 cei-a and 8% of MDCK cella expoeed to 
MAL In the absence of oyctoheximide. 

Caldum ftMa. in an attempt to characterize the biochemical even,, 
involved In milk proteln-lnduced c.« death, we etudl.d the effect of MAL on 
ICa I in both AS49 cell, and rat thymocylea; CC"i wu astaased ualna 
fura-2 (Qrynklewicz,. and wHh the SEflCA Ca-.ATP..e lr>h.bllor 
thapsigarg^n. „ . po,„hre control (Thastnip. Jiang). This compound haa 
been found t, cause a sustained fC."i, moreaae and to promote all the 
characlerlatic features of apoptosi. In rat and human thymocyte. (Jiang 
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Zhfvotoviky 1894b). Thaptlgargin rapidly Inducsd a custained increase In 
[Ce?*\ In A549 otila. Thapalflarsh (100 nM) aleo producad DNA 
fraomanutlon In both AS49 calla and rat thymooyieo aftor Incubation for 24 
h and 4 h, raapacUvely. 

Wt found that MAL Induced a ooneantration dependent increaae in 
(Ca'l after 30 a exposure of A549 cells. This Inureese wae tranelent and 
dropped considerably after 2 min of exposure. MAL Induced a conceniration 
dependent Increaee in [Ctf'i also In rat ttiymocytes. TWe Increase reached 
a majdmum alter 30 a of exposure and wae maintained at thle level of [Ca**l 
during the new 8-e mm. ir order to evaluate the Importance of the 
observed Increaee in [Ce'l lor the cytotoxic activity of MAL, the 
experiments were repeated under eatclum-free conditions. Cells (2x10') 
were Inoubated w»h Img/ml of MAL with or without Ca** in the medium, the 
viability was tested and tha cells were subjected to OfgA purification and gel 
electrophoresis (data not shown). Cell death was prevented under calcium- 
free conditions. Tht viability of untreated MDCK cells during incubation in 
complete or Ca*--rree medium was 88%. Treatment with MAL in eompletn 
medium decreased the vtabllHy lo 75%. whereas MAL treatment of MDCK 
celle In Ca**-frBB medium caused only a minor decreate In call viability (to 
92%). These results were conBrmed by measurement of chromatin cleavaoe 
using FIGE. Formation of HMW DNA fragments Induced by MAL in MDCK 
oelle wae prevantad by removal of Ca«* from tha medium (data not shown). 
ProtMflon agalnat tumor davelopment h BALB/o (m^mJi mioe. 
In vlbo pralieabnent of L121 0 oelle with MAL 
For Intraperitoneal Injection. LI 210 cells ware prelncubatcd with 
eterile MAL (0.6 mg/ml) for 3h. The cell auspenfiion was washed and 
reauspended In NaCI and 1x10* celle were ln|acted #.p Into ten 
mice. Mice injected with untreated cells suspended In NaCI eerved 
ae a control. The dlHerence In survhral is shown in Pig i. The control 
mice had a median sunrtval of 12 days (range 9-21 daya). Survival In 
mice receiving the MAL treated ce'.la was increased by 9 daya 
(median survival 21 days, range 17-28. p < 0.001) and three mica 
eunrlved the entire test period. 

For eubeutaneous injection. Li 210 celle were preincubated with MAL 
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at d«scrlbtd, washed, rstuspended in NaCI and Injected s.c. Mice 
receiving untreettd ctlii aerved ei controls. TTie difference in tumor 
development !e il^own In Teble 5. The controla developed 25 x 25 
mm tumore by day 13 (ranQe 6-15 days). None of the animala 
receiving MAI treated celle developed tumore. 

B) •equential admmietration of LI 21 0 oelie and M AL 

Nude mice were injected Lp with 1 k 10* L1210 cells followed by a 
aterlle aqueoue aolulton of MAL (4 or B mg MAL per mouse). Mice 
injected with oelle suspended in NaCI served a« controls. Controls 
receiving MAL but no cells were Included, MAL treatment was ehown 
to draatlcally enhance the survival of the mioe. While the control 
mice had a median survival of 10 days (range 8-10 daye). animate 
treated with 4 and 8 mg of MAL had art Increased iife span (ILS) of 9 
and e days respectively (Fig 2). Mice receiving MAL but no cells 
eurvlvad the experimental period. 

PraiecliDn agalnat tumor developmem bi tynganale mict. 

A) In vtoo pfvfevalmervt of LiaiO eele wRh MAL 

CSe BUBJ X DBA 2J P, mice were injected intraperilonealiy w;ih 1 x 
1G^ L1210 celle, pretreated with sterile MAL or NaCI ae deecrlbed. 
The control mice developed ascites and had a median survival of 1 1 
days (mnge 8-11 days) All bxoept one of the mice receiving MAL 
treated celle survhrc d tili t^ t end of the experimertlai period (Fig 3). 
The B\ck mouse died c n ci v/ 19. 

B) Sequential admlntstrstion of LI 210 ceUe end MAL 

Syngeneic mice were injected i.p with 1 x 10* L1210 celle followed 
by a eterile aquous solution of MAL (8 mg MAL per mouse). Mice 
injected with untreated cells suspended in NaCI eerved ae controls. 
Controls receiving MAL but no cells were Included. MAL itself did not 
alTe?t the survival of the mice. MAL treatment was shown to 
draetically enhance the aurvlvsl of the mica. While the control mice 
had a medien suivivel of 11 daye (range 9*12 days), animals treated 
with 6 mg of MAL had an ILS of 17 days (Pig 4). Two mice receiving 
MAL treatment died during the experimental period wheivee the 
remaining mice sun^ived the entire experimental period. 
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DiacuasioN 

Human milk was shown to induce apoplotic change* in tran«lbrm*d 
aptthaiial call lines., but not in non-tranaformad aplthailal calls of human 
ortgin. Tha loas of vtability was dafinsd by complete inhibil?on of thymidine 
uptalca. and by tha uptake of trypan btua. Apoptosia was accompeniad by 
changes in cellular morpholooy, including apopiotio bodies and call 
shrinkaga and by DNA fragmantalion. The apoptosis Inducing component 
was identified as a multimt ric form of human a*lactalbumln {MAL), 

The purification of MAL from human milk by anion-exchange 
chromatography was monitorad by the biological sotivity of aach fraction. 
8D8-PAQGE profiles of iha cytotoxic fraction showed a msjor band at 14 
kOa and minor bands in the 30 kDa and 100 kDa .-•gions. The N-termlnal 
sequence of each band was Identical to the sequence of a-laotalbumln. but 
a-lactaibumin itself laclcsd cytotoxic activity. However, ths prasance of 
additional minor bands on SOS-PAClOE suggested that lha active 
oomponent may exist in a diffsrent aggregation stats. By E9I-MS analysis, 
the molecular weights of the active component (14.088) and of a- 
laotalbumin (14.081) were found to be similar, and the small differences 
ruled out most known posttrsnsiational modifications. Analysis of tha adiva 
protein by MALDI-MS ehowsd peaks consistent with mono-(14 kDa). dl-{28 
kDa) and trimaric (42 kDa) forms of a-laclaibumln. suggssling that ths 
apoptoeie-inducing component wae poselbly a multlmeric fonn of human a- 
laclalbumln. 

MAL, was shown to protect mica against the development ol Li 210 
laukemiaa. Tumors wsra induced In nude SALB/o mice as wall as syngeneic 
C57BUej X DBA 2J mice, by subcutaneous or intraperltaneal injection of 
LI 210 oena. Tumor dsvalopmsnt was scored by sun^lval of tha mloa or by 
measurement of tumor aize. The L1210 celle wars sensWva to MAL. and 
undenwent apopiotic cell death after expoaurs lu MAL In vitro. Protection 
was induced by treatment of tha L1210 cells with MAL in vitrv prior to 
Injsotion Into the mice, but also by Injaotlon of MAL subsequent to tumor 
Induction. 

The LI 210 lymphoma model In mice Is wall ••tsbllihed. The tumor 
wae flrat described in 1049 (io) and was Initially maintained by passage In 
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mice. Methods for in vttrq suipentlon cuHure wtr« r»porltd about 20 ytara 
later (1 1. I2). The Intraperitoneal model for deliberate Induction of tumors 
ha. been extensively used for routine scresnino Of potentially cytotoxic 
•genie. During the first e to 12 h after Intraperitoneal Injection about half of 
6 the oelle migrate from the peritoneal cavity to other organe where they 
proliferate (13). The remainino eeiie fbrm mierotumors in the peritoneal 
cavity and aeoilee fluid is produoed. The ability of L1210 ceil, to ei.o Induce 
subcutaneous, eolid tumors wae observed in this study. The kinetics of solid 
tumor development were similar to the Intraperitoneal tumor, but the mice 
10 survived longer. 

The protective effact of MAL we. first observed after administration 
Of ceils that had been pretreated with MAL In vitro. The In vKrnfln vivo 
approach was cnosen to certify that MAL had interacted with the L1210 cells 
and that protection resulted from a direct effect of MAL on the cells rather 
than from activation of anti-tumor hoet defensev by injection of MAL.. The 
3h pretreatment was used as earlisr experiments had shown that 3h was 
the crfticel lime to Induce. The difference in sun/ival between the mice 
receiving control cell, and thoas r.c.iving pr.tr.Bled oelis could not be 
enurely explained by the difference In cell viability of the Inocula. 
Pretreaimeni with MAL reduced cell viability by sboui 50%. but It Is likely 
that apeploeie had been triggered also In eeli. that remained viable, since 
oonllnued In vitro incubation resulted in compi.t. killing after six hours. 
AeeoRling to Hofer and Hofer Ihe doubling Ume of L1210 oells in C3H x 
DBA/2J F1 mice increased from an Initial 8.5-0.5 h during the first 3 day. to 
34 h from day 6 end onwards after an inoculum of 1 x io« o«iie (13). Th. 
difference In sunrhral time therefore implies that the mice receivi.ig 
pretreeled ceile died from an Inoculum corresponding to 4000 celle. Thu. 
the mice <2ld not appear to possess mechanisms that could rescue cells that 
had been triggered by MAL lo undergo apopiosis. even if these oells 
30 remained partially viable at the time of Injection. 

Some interesting discrepancies wsro observed between the nuAiu 
and eyngenaic mouse baekgounds. While there wee no difference in the 
lime to tumor develcpm.ni. there wa. a ;i''erenc o in survK/al. The 
•yngenelo mice that received MAL pretreated Lia^o cells i.p survived 
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beyond tht trd ol the axpertmwtal p«rlod wMte nuAiu mlc« died. TW« 
implied »h«i ih» tyngentlo mlc* wtr» aWt to Wniht f«w tumor oollo thi 
•urvlvod after preltwubatlon wWh MAL. The meehanteme of klBina need 
IdentiHed. 
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TABLE I - Th« influeivct human mUk and human mUk componenU on the 



A549 



Medium control 
Hiimnn nUik 
Donorl 
Donor 2 
Donor 3 

Whty, donor 1 
CaMin, donor 1 
I 

n 
m 

IV 
V 

vr 

Organic phue 

Bovine milk 
a-lactalbumin« human 
O'lactalVumln, bovine ' 
lyfoz/me, human 
lyioz>me, chidien 
lactoferrin, bovine 
MulttmeriMd g-iacttlbumin 



- — 

CpgIT 






%1 


cpmt 


%1 q 


21/90 






91 


45400 


90 


75 


2 


23 


1 


35 


3 


120 


n.d 


15 


n.d 


105 


n.d 


J AA 

400 






Sw%a 


420 


n.d 


9500 






n.d 

a**w 


44400 


ad 


100 


A 

u 


110 


0 

w 


60 


0 


20200 








50500 


ad 


19700 


n>fii 


1&200 


n.d 


13500 


ad 


15000 


n.d 


20300 


n.d 


52100 


n.d 


24200 


ltd 


17200 


n.d 


31100 


ad 


15800 


n.d 


18600 


n.d 


53900 


ad 


50 


0 


15 


0 


40 


1 




0 




0 




1 


U400 


100 


11300 


97 


11400 


96 


17375 


92 


30300 


88 


31500 


84 1 


17600 


93 


24700 


87 


37200 


86 1 


14900 


87 


30800 


91 


29800 


82 


16300 


86 


17500 


86 


43250 


61 1 


n.d 


98 


32 


ad 


908 


ad 


n.d 


0 











• • Multimeric a*ladalbundn 

t . Detea Ined by thymidine incorporatloa Mean of two separate e)(periment». 
1 . DetermJned by trypan blue exduaioa Mem of two .epar ate experiments 
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TABLE 2. mnutnc* of virtlUty of A549 ctUi expo»«d to a-tacttlbumln and 
•crtvatid frtciloni of o^tctiJbundn after tnlon^xclunge duomatbgrtphy. 



Medium control 
MAL 

o>!act»H>uiniiv human 

o^ctalDumin, fraction 1 
a-Uctalbumin, fraction 2* 



Ti).et 


TJX 


92 


100 




aiTSO) 


0 


0 


92 


80 


93 


82 


0 


0 



* containing multimerlsad o-Uctalbumin 

t Viability dttanninad by thymidine incorporation 

tVlaWHty dtUrmintd by trypan Wut txduilon 



■90190 



24 
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TABLB8. 



Effectt of MAL on the vlabflity of dliftmit cett typc». 



Cttt viability* 
Medium MAL 
%t cpmt «P«4 
(100%) W 


95 


21790 


0 


50(0) 




28500 


0 


15(0} 


84 


45400 


5 


40(0) 




7800 


4 


20(0) 


OA 


18700 


0 

V 


40(0) 


M 

yy 




6 


75(0) 


OA 


11200 


4 


40(0) 


w m» 


14900 


0 


50(0) 


83 


45400 


12 


400(1) 


9S 


53700 


4 


15(0) 


100 


35400 


0 


20(0) 


90 


14400 


1 


20(0) 


67 




a 




90 




a 




43 




45 


* 


\ 77 




75 


9 


100 




62 


m 


100 




26 


m 


46 




62 


m 


38 




48 




100 




0 


m 



A549, human lun^ 

A-498,humAnkidlfwy 
J82,hununbUddtr 
Caoo>2, humtn Inttstinc 
HT'29, human mttttlM 
HTB9, human kldnty 
GMK,avo<\ktyUdncy 
Wmo, TjnkayWdnay 
MDCKdogVidnty 
B9,mf-u*e 
WEK.AOUM 

HtL human lung 
HFF, human fbiwUn 

tiimdaiaCDnfiidLfidla 

tpithalium* human 
Urinary tpithtUum, htusn 
Granulocyte, Hunan 
LympKo^tat, htunan 
iddnay. mousa 
Bladder, mouae 
ThymoqrtM'nt 
* C«U viability waa monltortd byt thymldina 
Incorporation and trypan blut axdualon. Th« viability of 
the cna>ryonic and non-tranafbrmtd cdla was aiwyad 
only by trypan blue exclusion, ainca dws* cell types did 
not incorporate thymidine, 
t % vtabUity M determined by trypan blue txdutloa 
1 cpm u determined by thymidine incorporation. The 
medium control denotes 100%, numbers in parenthcsU 
denotes u cpm sample x lOO/cpmcontrol Mean ot thite 
separate expcrlmeittt. 
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TABLE 4 » Blfagt ol compltiniftt md TNT <m vtibUitv of A349 uvl WEHI ct Us. 
■ ~ Vtobim?(%)t TNPbloamy(ib») 



Control ♦ and-INF 



Meditun 
TNP(400ng/inl) 

M..lHm»ric Q.l*ft«Ibumin 

2mg/nU 
Img/ml 

3mg/ml, sex Ibr 30aiin _ 



MDCK WSHI 




•ntlbodlM 


wEm 


WEHI 


98 


96 


1.005 


1.025 


94 


10 


0277 


a975 


0 


0 


0091 


0.105 


0 


0 


a096 


0.106 


0 


0 


0.085 


0.097 


35 


12 


0.355 


• 0J22 


3* 


!• 


0.160 


n.dt 



X VUblUty tasted by trypan blue exdualcm after 20h Inoibadon. 
t not determined. 

• Viability tested by trypan blue exclusion after 30min Incubaticm. 
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TABLE 5. Tiunor development of lubcuUncous in|ecUon of L1210 cells in nudt 
mice 



Tmtmcnt* 


No.cf 


Day of reaching 25 nun tumor 




mice'* 


growth; median (range) 


Control 


8 


t3(9>15) 


MAL 


9 


-t 



^ L1210 c«ll$ wtrt prtincubated for 3h with or without MAL before injection. 
^ Two control mice and one MAL-treated mouse died early in the experiment. 

t No MAL-ireated mice developed tumora. 
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CLAIMS. 

1. A stefiJe aqjeoue solution of a muUimer of a-lactaibumin. 

2. A sterile aqueous solution cf a mult'n^er of o-l^ctalbumin suitable for 
injaction into human beings for cancer therapy. 

5 3. A solution accofding to claim 2 which conr^pnses of 0. 1 to 200 g/litre 
of multinners of a*lactalbunnir>. 
4 A solution according to cia^m 3 v/hicn also comprises monomeric ot- 
'actalbumir. 

9. A sterile Injectable composition tor use In the Ireatment of cancer in 
10 mammals which comprises multimeric a-laclalbumln In a 

pharmacuticaliy acceptable diluent 

6. A composition according to clain> 5 in which the pH It 6 to 8. 

7. A method of process.rg human body fluids outside the human body 
which comprises adding a sufficient quantity of a muttimer of a- 

15 lactalbumin to kill sLb$tantiaiiy alia of any cancer ceils contained in 

the body fluid. 

8. A composition which comprises a human body fluid outside the 
human body and a sufficient quantity of a multimer of a*lactalbumin 
to kill substantially all of any cancer cells contained in the body fluid. 

20 9. The use of d multimerlc a*lactalbumin In th» preparatio-^ of a stenle 
injectable composition for use in cancer therapy. 

10. A composition according to claim 5 which is contained in a sealed 
container 

11. A composition in a sealed container as claimed in claim 10 in which 
25 the container is a preloaded ayrlnga or an intravenous infusion bag. 

12. A oompocition in a sealed container according to claim 5 which 
contains 0.15 to 15 g of multimeric aWactalbumin. 

13. A sterile composition which composes a solid containing multimerlc 
a-iacta!bum p for insertion Into a mammalian body which acts ae a 

30 controlled n leaie source of multimerlc a-laclaibum!n 

14. A method cf tream^nt of t mammal suffaring from cancer which 
comprises administering lo it an effective amount of a multimeric a- 
lactalbumin. 

15. A nrtethod according to claim 14 in whicn the mammal is a primate. 



.2188303 

A method according to claim 15 in which the mammal it a human. 
A method according to claim 16 In which the multimeric o- 
laetalbumin it Injected Into the human body ai a sterile aqueoue 
solution thereof. 

A method according to ctalm 16 in which the muNlmcrio o- 
laetalbumln It contained in a controlled release composition which is 
implanted into the body. 

A composition according to claim S which is a fraction mamalian milk 
In which the a-lactalbumin Is multimerised producing an anti-cancer 
therapeutically eftectlve composition. 
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